Background/Aims: Metabolic diseases are leading health concerns in today's global society. In traditional Chinese medicine (TCM), one body type studied is the phlegm-dampness constitution (PC), which predisposes individuals to complex metabolic disorders. Genomic studies have revealed the potential metabolic disorders and the molecular features of PC. The role of epigenetics in the regulation of PC, however, is unknown. Methods: We analyzed a genome-wide DNA methylation in 12 volunteers using Illumina Infinium Human Methylation450 BeadChip on peripheral blood mononuclear cells (PBMCs). Eight volunteers had PC and 4 had balanced constitutions. Results: Methylation data indicated a genome-scale hyper-methylation pattern in PC. We located 288 differentially methylated probes (DMPs). A total of 256 genes were mapped, and some of these were metabolic-related. SQSTM1, DLGAP2 and DAB1 indicated diabetes mellitus; HOXC4 and SMPD3, obesity; and GRWD1 and ATP10A, insulin resistance. According to Ingenuity Pathway Analysis (IPA), differentially methylated genes were abundant in multiple metabolic pathways. Conclusion: Our results suggest the potential risk for metabolic disorders in individuals with PC. We also explain the clinical characteristics of PC with DNA methylation features.
Introduction
Due to widespread over-nutrition and sedentary lifestyles, metabolic diseases and the subsequent morbidity and mortality are major public health issues in our current
Results

Subjects' characteristics
The characteristics of the study subjects in the PC and BC group are shown in Table  1 . No significant differences were noted between these two groups in sex, age, body mass index (BMI), waist circumference, fasting blood glucose, fasting insulin, blood pressure, total cholesterol, triglyceride, low-density lipoprotein, or high-density lipoprotein. All subjects from both groups were healthy individuals with no diagnosable diseases.
Identification of global methylation patterns in PC and BC subjects
A total of 316, 356 sites on the beadchip were included after probe filtering and normalization (Fig. 1A) . A genome-wide DNA methylation analysis was performed to explore the global methylation pattern of PC and BC subjects. Methylation levels of CpG sites in the two groups were strongly correlated as shown in Fig. 2A , the average global levels of DNA methylation were similar between PC and BC subjects. Using Student's t-test to compare each of the CpG sites individually, 2252 differentially methylated probes were detected in the 316, 356 included probes, while 1658 differential probes were located by the Wilcoxon signed rank test. The overlapping 1011 probes were identified to be significantly (p < 0.01) differentially methylated between PC and BC individuals (Fig. 1C, Fig. 2B ). The Δβ was also considered as a criterion of DMP identification, 288 of these 1011 probes met the threshold of |Δβ| ≥ 0.05, including 187 hypermethylated and 101 hypomethylated ones (Fig. 2B) , and the top 25 DMPs, sorted by the Δβ, were listed in Table 2 .
According to the analysis of these 288 DMPs, the subjects in the PC group exhibited higher methylation levels than those in the BC group (Fig. 2C) . The proportions of 288 DMPs measured by location relative to CpG island regions and gene regions are presented in Fig. 3A and 3B, respectively. Most of the hypermethylated DMPs are located in the Open Sea, followed by the North Shore and the South Shore. For the hypomethylated DMPs, CpG islands were ranked first and were followed by the North Shore and the Open Sea. In terms of gene regions, both hyper and hypomethylated DMPs were predominantly located at the promoters, included TSS1500, TSS200, UTR5 and 1stExon. Supervised hierarchical clustering based on the data of 288 DMPs demonstrated that there were distinctly different DNA methylation patterns between subjects in the PC and BC groups, which are displayed as a heatmap in Fig. 3C . 
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logical functions of these differentially methylated genes. As shown in Table  3 , hypermethylated genes were mainly related to cancer, g a s t r o i n t e s t i n a l disease, cell morphology and lipid metabolism. Hypomethylated genes were mainly related to dermatological diseases, immunological and inflammatory diseases (Table 4). Further gene pathway analysis indicated that the hypomethylated genes were enriched in the pathways related to immune responses (Cytotoxic T lymphocyte-mediated apoptosis of target cells) and metabolism (D-glucuronate degradationⅠ, Glutamate degradation III). The hypermethylated genes were enriched in pathways, including acyl carrier protein metabolism, super pathway of cholesterol biosynthesisⅡ, tetrahydrobiopterin biosynthesis, VDR/RXR activation, and lysine degradation, that were all involved in various metabolic processes (Fig. 5A) .
Some genes, which were mapped by top DMPs with the most distinct Δβ, were related to the metabolism according to the gene function annotation. In Table 5 , we showed that DL-GAP2 and DAB1 were involved with diabetes mellitus [25, 26] ; HOXC4, HOXC5, and HOXC6 were related to obesity and fat accumulation in differentiated brown adipocytes [27] [28] [29] [30] ; MECOM was associated with hypertension [31] . It is interesting to note that, of these 288 DMPs, two probes (cg22151644 and cg18473521) were both annotated to gene HOXC4. This implied that this gene might be linked to PC identification.
By the analysis of Manhattan plot in Fig. 4 , some specific sites (p<1e-04) were also screened out. The genes mapped by these sites were reported to be closely associated with multiple metabolic diseases (Table 5 ). For instance, SQSTM1 and FBXO9 were related with diabetes mellitus [32, 33] . GRWD1 and ATP10A were involved with insulin resistance [34] [35] [36] . SMPD3, ATP10A and CTBP1 were associated with obesity [37] [38] [39] . MYO16 was involved with metabolic syndrome [40] . Network visualization and Gene Oncology (GO) analysis of these metabolic-related genes is displayed in Fig. 5B .
Discussion
This study is the first comprehensive analysis to explore the genome-wide DNA methylation profiles in human PBMCs of PC and BC subjects and to detect the differences between these two constitution types using an Infinium 450K BeadChip assay. The contrasting were identified between these two groups [18] .
As an ongoing study, this work goes further based on previous studies and confirms the efficacy of TCM constitution classification at the epigenetic level for the first time.
A list of genes obtained from the annotation of 288 DMPs was screened out between PC and BC individuals. IPA results revealed that the molecular and cellular functions of hypermethylated genes, such as B4GALNT1, ST6GAL-NAC5, DHCR24, and PRKCZ, were significantly associated with lipid metabolism as reported [41] [42] [43] . The hypomethylated genes (BCL11B, HLA-C, FOXP1, FOXP1) were mainly involved with immunological and inflammatory diseases [44] . It was noteworthy that these molecular features are consistent with previous publications and clinical observations in TCM [16, 44, 45] . In this experiment, the findings were limited by the relatively small numbers of samples. We will try to enlarge the sample scales of PC and BC individuals for further validation. More optimal tissues for obtaining DNA, not only from PBMCs of blood, will also be used for further investigation.
Conclusion
our present study explored the DNA methylation characteristics of PC for the first time. We identified the DMPs and the corresponding genes associated with obesity, diabetes Cellular Physiology and Biochemistry mellitus, and other metabolic diseases. These results further support the existing research on molecular biological characteristics of PC. We also provide a possible approach for identifying metabolic disease-susceptible individuals in a healthy population, indicating the objective existence of the subtypes of the healthy population defined by TCM constitution. Apart from the influence of epigenetic mechanisms in the pathogenesis of multiple metabolic disorders [46] [47] [48] [49] , data from this study suggested that DNA methylation might also play a potential role in the pathological mechanism of PC, which is the incubating stage of multiple metabolic diseases.
